Introduction
Successful cardiopulmonary resuscitation (CPR) requires a strong`chain of survival'. Particularly in the hospital, it should be considered an important goal that CPR be administered with minimal delay in the event of cardiopulmonary arrest. Therefore, early recognition of cardiopulmonary arrest, prompt action by the cardiac arrest response team, ®rst-responder CPR and early advanced cardiac life support are necessary.
Personnel performing cardiopulmonary resuscitation
The quali®cations of personnel who carry out in-hospital CPR are important predictors of survival. Recent studies have shown that education and training in CPR knowledge and skills can make a decisive difference. In an investigation from Helsinki, Finland [1 . . ], more than half of the nurses evaluated considered their resuscitation skills to be either good or suf®cient. However, observation of use of manikins by the nurses demonstrated that 21% of the participants performed chest compressions correctly, and only 33% ventilated correctly for at least half of the time. The investigators found that the best predictor of CPR skills was having taken part in a CPR course during the previous 6 months.
The question of how to teach large numbers of health care professionals effectively was examined by Liberman et al. [2 . ]. High-school students were randomized into four groups, each with a different ratio of students per manikin, and a different duration of tuition or videoassisted learning. The best results were achieved after either a training course or video-assisted learning that lasted for 2 h, and a ratio of students to CPR manikin of 1 : 1. Those investigators concluded that the videoassisted CPR programs may be a cost-effective way to teach and train large numbers of people. Similar training schemes might therefore be an ef®cient way of teaching nursing and other health care staff the skills of basic life support.
The standard education for medical staff should be training in the module system, as recommended and implemented by international authorities such as the European Resuscitation Council or the American Heart Association. This system, with its modules ranging from basic life support to advanced cardiac life support in special situations, is designed for all medical staff graded according to their level of responsibility [3 . . ] . It is clear that if no basic life support is performed, then survival chances decrease rapidly, and advanced cardiac life support efforts may therefore be ineffective [4 . ]. In a study that evaluated survival of in-hospital cardiopulmonary arrest [5 . . ], the investigators arrived at the conclusion that the formation of a structured and formalized hospital resuscitation team was associated with an increase in the number of patients who were discharged from the hospital. Thus, CPR training of hospital medical staff should be considered very important.
Call first or initiate cardiopulmonary resuscitation first?
Although this issue was discussed during the recent CPR guidelines conference [6 . . ,7 . . ], there is no explicit recommendation in the setting of in-hospital cardiac arrest. Because there is usually no lack of telephones in hospitals, the call-®rst strategy might be more effective and therefore provide more bene®ts for the cardiac arrest victim, provided that the emergency call system in the hospital is well organized. In the new CPR guidelines [6 . . ,7 . . ] it is recommended that, in all victims with ventricular ®brillation as the most likely underlying electrocardiograph rhythm, calling for help before initiating CPR is the more effective strategy. This is because the chance of surviving this event decreases at approximately 10%/min without de®brillation [8] . On the other hand, cardiac arrest due to a hypoxia or hypercapnia may present as asystole or pulseless electrical activity. This is the most common reason for cardiac arrest in children, for example. It should also be considered that hospitalized patients in particular may arrest because of an inadvertent overdose with opiates or benzodiazepines, or because of acute haemorrhage.
A very important new recommendation in the new CPR guidelines [6 . . ,7 . . ] is the differentiation between lay and professional health care staff with respect to performing the pulse check. Several studies [9, 10] have documented that trained emergency medical system personnel were not able to check the pulse in an adequate manner. Interestingly, 10% of professional rescuers were not able to detect whether there was a pulse in patients undergoing cardiac surgery while they were on cardiopulmonary bypass, who therefore had a nonpulsatile blood¯ow. On the other hand, many lay rescuers were not able to detect the pulse of a healthy test person. CPR may therefore be delayed simply because cardiac arrest is not diagnosed. This is particularly worrying because the immediate implementation of CPR can dramatically increase the chances of survival. The new recommen-dation for lay rescuers is not to perform a pulse check, but rather to look for indirect signs of adequate circulation, such as breathing, movement, or coughing after the ®rst arti®cial breath. Professional rescuers should perform the pulse check, and administer their usual interventions as indicated. The current training status of medical staff should be individually checked in each hospital, and should be modi®ed according to the new international CPR guidelines [6 . . ,7 . . ].
Quality control
A great deal of effort is being put into studies that aim to improve the ef®cacy of CPR interventions. As in all medical practice, one of the most important rules that must always be borne in mind is`®rst, do no harm'. In the emergency medical system, where rescuers do their work under dif®cult circumstances and under physiological and psychological pressure, it is important to focus on zero risk interventions as far as is possible. It may well be useful to apply recent analyses on the causes of medical errors [11 . . ]. One such example examined the problems associated with incorrect tracheal intubation, and undetected dislodgment or disconnection of the tracheal tube and the potentially fatal consequences. Gausche et al. [12 . . ] compared bag-maskvalve ventilation and endotracheal intubation in children when carried out by paramedics. Those investigators found that, with endotracheal intubation, on-scene time was prolonged and fatal complications were much more frequent than expected compared with bag-valve-mask ventilation. The paramedics observed in that study performed only one endotracheal intubation in a child every 197 months. These observations show that quality control is not simple to achieve. The procedure (in this case paediatric intubation) ®rst needs to be carefully taught; ongoing training is then necessary; and ®nally the frequency and success with which the procedure is carried out needs to be assessed.
As a result of that study, Gausche et al. [12 . . ] have removed paediatric intubation equipment from emergency medical system vehicles so that their paramedics can only administer bag-valve-mask ventilation. The scienti®c community should applaud the honesty and courage of those investigators in reporting ®ndings that elsewhere might have been covered up and forgotten. Extrapolating this experience to in-hospital CPR, local resuscitation co-ordinators need to communicate and enforce which manoeuvre may be carried out by which person; otherwise, disaster is likely to occur.
Basic life support
The respiratory mechanics of a patient with respiratory or cardiac arrest are characterized by a progressive decrease in lung compliance, and a decrease in lower oesophageal closing pressure [13] . This in turn increases the risk of gastric in¯ation when mouth-to-mouth or bagvalve-mask ventilation is used. The increasing in¯ation of the stomach with each tidal volume further decreases the tidal volume, and a vicious circle develops [14 . . ].
In order to decrease peak airway pressure and the risk of stomach in¯ation, the tidal volume with bag-valve-mask ventilation (fractional inspired oxygen 40.4) should be decreased from 10±15 ml/kg (approximately 1000 ml) to 6±7 ml/kg (approximately 500 ml) for an adult. This volume can be administered with a paediatric self-in¯ating bag. If no oxygen supplementation is available, then the tidal volume should be 10 ml/kg in order to ensure adequate gas exchange. This is the recommendation for mouth-to-mouth ventilation, because expired air contains only 17% oxygen [15] .
Although alternative airway devices such as the esophageal obturator airway and oesophageal gastric tube airway, the pharyngotracheal lumen airway and the oesophagealtracheal combitube have been shown to be effective in the management of cardiac arrest patients, the rescuer must be experienced in their use. As such, if continuous education cannot be guaranteed, then bag-valve-mask ventilation should be employed until rescuers who are capable of endotracheal intubation arrive at the scene [16,17 . ,18 . ]. The`gold standard' for ventilation is endotracheal intubation, if possible by an experienced rescuer.
Chest compressions
The new recommendation of a 15 : 2 ratio of chest compressions to ventilate nonintubated patients is an attempt to simplify CPR instructions. There are no clinical investigations showing any bene®ts with this method, but it is much simpler to teach, especially to lay people, and it is simpler to remember these CPR instructions. The objective of chest compressions is to increase coronary perfusion pressure to a level of 20± 30 mmHg, which in turn renders successful de®brillation likely. Several investigators have found that a chest compression frequency of 100/min improves coronary perfusion pressure and de®brillation success better than other compression rates [19, 20] . Sato et al. [21] have shown that a prolonged interval between termination of precordial chest compressions and delivery of the ®rst counter-shock substantially reduces the success rate of cardiac resuscitation. Accordingly, automated de®brillators are likely to be maximally effective if they are programmed to secure minimal`hands off' delay before delivery of the electric counter-shock.
Advanced cardiac life support
Advanced cardiac life support includes basic life support; use of advanced equipment and special techniques for establishing and maintaining effective ventilation and circulation; electrocardiograph monitoring; establishment and maintenance of intravenous access; therapies for treatment of patients with cardiac or respiratory arrest; treatment of patients with suspect coronary syndromes; and strategies for rapid therapy with thrombolytics [6 . . ,7 . . ].
Defibrillation
A presenting rhythm of sudden cardiac arrest is ventricular ®brillation, and de®brillation is the only (7 min) and a prolonged period of ventricular ®brillation. Those investigators concluded that the biphasic waveform with 150 J is as effective as the conventional monophasic waveform, but the signi®cantly lower energy levels caused less postresuscitation myocardial dysfunction. Patients de®brillated with the biphasic shock who were later discharged were more likely to have a good cerebral performance.
In summary, biphasic waveform appears to be more effective, and causes less myocardial thermal injury. It could be that the biphasic waveform (and hence the lower amount of energy applied) causes less myocardial dysfunction, and in this way enables a higher cerebral blood¯ow, which explains the better cerebral outcome [25 . . ].
In swine and dog models of prolonged ventricular ®brillation after advanced cardiac life support, de®brillation with a biphasic waveform resulted in more frequent return of spontaneous circulation in the biphasic de®brillation waveform versus the monophasic group [26,27 . . ]. The lower energy doses applied and the shorter resuscitation times associated with the biphasic waveform in these animal models probably led to improved survival after ventricular ®brillation. In a pig model [28 . . ], CPR was essential for terminating the ®brillation with either waveform. CPR facilitated the termination of ventricular ®brillation and resumption of an ef®cient circulation after de®brillation with the biphasic waveform, but not with the damped sinusoidal waveform de®brillation.
Interestingly, a clinical study [29 . . ] showed that a biphasic shock with 200 J after approximately 20 s of ventricular ®brillation was more effective than either 200 J of a monophasic or a 130-J biphasic shock. In a prospective 2-year clinical evaluation of 81 in-hospital witnessed cardiac arrest cases [30 . . ], rapid de®brillation of ventricular ®brillation/ventricular tachycardia resulted in increased survival. The time at which the ®rst shock was delivered increased the chance of long-term survival in these patients. Another investigation from the University Hospital of Go È teborg, Sweden [31 . . ], found that 47% of in-hospital cardiac arrests in which resuscitation was attempted took place in wards without monitoring facilities. In terms of their characteristics, interval to de®brillation and outcome, these patients differed markedly from those who arrested in wards with monitoring facilities. These results emphasize the necessity of having an automatic external de®brillator and well-trained staff as ®rst responders on every hospital ward.
The recommended energy for the ®rst monophasic shock is 200 J. The energy level for the second and third shock can be either the same or as high as 360 J. Current research con®rms that biphasic shock energies of 200 J or less are safe and effective. At present there are insuf®cient data to recommend one approach over another [6 . . ,7 . . ].
Cardiopulmonary resuscitation with vasopressin in laboratory investigations
Following a short duration of ventricular ®brillation, vasopressin during CPR increased coronary perfusion pressure [32] , vital organ blood¯ow [33] , ventricular ®brillation median frequency [34] and cerebral oxygen delivery in comparison with adrenaline (epinephrine) [35] . Similar results were found with prolonged cardiac arrest and pulseless electrical activity [36] . Bene®cial effects of vasopressin during CPR may be explained by both a vasopressin-induced increased systemic vascular resistance [37] and vasopressin-mediated dilatation of the cerebral vasculature, which shifts blood toward the myocardium and brain [38] . Interestingly, a combination of vasopressin and adrenaline versus vasopressin only resulted in comparable left ventricular myocardial blood ow, but in signi®cantly decreased cerebral perfusion [39] . This may be due to different extracellular receptors, but identical intracellular transduction pathways.
Although vasopressin during CPR decreased catecholamine plasma levels in swine [40 . . ] and humans [41] , it remains to be determined whether this decreases myocardial oxygen consumption as well. Additional advantages of vasopressin may include the facts that the same dose can be effectively administered intravenously, endobronchially [42] and intraosseously. Also, repeated administration of vasopressin, but not adrenaline, was able to maintain both coronary perfusion pressure and ventricular ®brillation mean frequency [43 . . ] during prolonged advanced cardiac life support [44] , and ensured full neurological recovery with no brain pathology [45 . . ]. Vasopressin was bene®cial over adrenaline in other preparations, such as epidural anaesthesia [46 . . ], hypothermia [47 . . ] and hypovolaemic shock [48 . . ]; thus, more research in cardiac arrest with underlying special pathophysiology is necessary.
Cardiopulmonary resuscitation with vasopressin in clinical investigations
In patients with refractory cardiac arrest, intravenous vasopressin induced an increase in blood pressure, and in some cases return of spontaneous circulation, where standard therapy with chest compressions, ventilation, de®brillation and adrenaline had failed [49] . After approximately 40 min of unsuccessful advanced cardiac life support, four out of 10 patients had a mean increase in coronary perfusion pressure of 28 mmHg [37] . In a small (n = 40) prospective, randomized investigation of patients with out-of-hospital ventricular ®brillation, a signi®cantly larger proportion of patients treated with vasopressin were successfully resuscitated, and survived 24 h compared with patients treated with adrenaline [50] . Similar results were found in a subgroup of patients suffering cardiac arrest in the hospital due to myocardial ischaemia (Stiell IG, personal communication, 1999) . Scientists at the University in Innsbruck, Austria, are currently coordinating a multicentre randomized clinical trial in Europe under the aegis of the European Resuscitation Council to study the effects of vasopressin versus adrenaline in out-of-hospital cardiac arrest patients [51] .
Mechanical devices
Data from a working group in Paris/France [52] , which compared standard CPR versus active compressiondecompression (ACD) CPR, showed an increase from 2 to 5% in 1-year-survival. The fact that these investigators trained their emergency medical system staff for lengthy period with the ACD device before initiating the study probably in¯uenced the positive ®ndings with this CPR technique. All other investigations with the ACD device found no better survival in patients. No actual data are available for vest CPR and interposed abdominal compression CPR devices.
When the passive in¯ow of air during the chest decompression phase was prevented using a valve, a drop in intrathoracic pressure was observed, which caused an increased venous return to the heart [53] . On the basis of these observations, the inspiratory threshold valve was developed and evaluated in clinical and experimental investigations. In an animal model, ACD CPR combined with the inspiratory threshold valve generated a signi®cant increase in coronary perfusion pressure, an increased left ventricular myocardial blood¯ow, and an increased cerebral blood¯ow in comparison with standard CPR [54] . In the ®rst small clinical trial with the inspiratory threshold valve [55 . . ], diastolic aortic pressure and end-tidal carbon dioxide were increased during CPR. Better short-term or longterm survival was not found, however. More clinical and experimental studies into the ef®cacy of the inspiratory threshold valve combined with standard CPR should be conducted [56 . . ].
Conclusion
Further clinical investigations are necessary to evaluate new resuscitation devices, to improve our understanding of pharmacological aspects of cardiopulmonary resuscitation, and to improve the resuscitation skills of health Results of the European vasopressor study may be available in 2001, and may help to determine the role of vasopressin during CPR The Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency Medicine [6 . . ,7 . . ] now recommend vasopressin as an alternative to adrenaline (epinephrine) for the treatment of adult shock refractory ventricular fibrillation. Vasopressin may be effective in patients with asystole or pulseless electrical activity. However, as of 2001 we lack sufficient data to evaluate the safety and efficacy of vasopressin in these patients. Vasopressin should be effective in patients who remain in cardiac arrest after treatment with adrenaline, but there are inadequate data to evaluate efficacy and safety in these patients. care professionals. Such endeavors may improve the poor discharge rates of in-hospital cardiac arrest patients. Particularly in the hospital, it appears that the those who suffer a cardiac arrest bene®t from well structured and well trained resuscitation teams.
